Biotransformation of deoxyandrographolide (1) by Alternaria alternata AS 3.4578 gave five derivatives identified by spectral methods including 2D NMR as the known dehydroandrographolide (2) and 9β-hydroxy-dehydroandrographolide (3) and the new compounds 9β-hydroxy-deoxyandrographolide (4), 3α,17,19-trihydroxy-8,13-ent-labdadien-15,16-olide (5) and 3-oxo-9β-hydroxy-deoxyandrographolide (6).
Andrographis paniculata is a common herb distributed in China, Thailand and India [1] . Its stems and leaves are widely used as antiviral, antitumor and hypotensive agents. The principal active constituents of Andrographis paniculata are the ent-labdane diterpenoids such as andrographolide and deoxyandrographolide, which have a characteristic A/B cis junction with α-alkylidene γ-butyrolactone moiety and an α-hydroxyl at C-3. They have anticancer [2] , hypotensive [3] , α-glucosidase inhibitory [4] , and cytotoxic activities [5] .
Microbial transformation is a useful method to modify the structures of bioactive natural products [6] [7] [8] . Application to andrographolid analogues has been reported to improve their water solubilities to provide better lead compounds [9] [10] [11] [12] [13] [14] .
The biotransformation of deoxyandrographolide (1) by Alternaria alternata AS 3.4578 was carried out to improve its activity and solubility. Five products (2-6) were obtained, and their structures elucidated on the basis of 1 H NMR, 13 C NMR and 2D NMR spectra their chemical structures were identified as dehydroandrographolide (2), 9β-hydroxydehydroandrographolide (3), 9β-hydroxydeoxyandrographolide (4), 3α, 17, 19-trihydroxyl-8, 13ent-labdadien-15, 16-olide (5) , and 3-oxo-9β-hydroxydeoxyandrographolide (6) (Figure 1) . Compounds 4-6 are new products while the NMR properties of 2-3 were in agreement with those reported in the literature [9] . [15] . In the 1 H NMR spectrum, three alkene protons at δ 7.14 (brs), δ 5.03 (brs) and δ 5.06 (brs) were observed. In the 13 C NMR spectrum, four oxygen-bearing carbons were observed at δ 64.9, 71.1, 79.2 and 80.4. By comparison to 1, the signal at δ 79.2 indicated an additional oxygenated carbon, suggesting that 4 was a hydroxylated product. The HMBC spectrum indicated that this signal correlated with H-11 13 C NMR and DEPT of 5 lacked a CH 2 (δ 110.1) and gained CH (δ 141.6) and CH 2 (δ 62.7) signals, suggesting that 5 was a hydroxylated product of 1, with a rearranged double bond at C-8 and C-17. In the HMBC spectrum, the carbon signal at δ 141.6 had long-range correlations with H-11, H-12, H-1 and H-20 while the carbon signal at δ 133.1 had correlated with H-6 and H-7 indicating that a double bone was at C-8 and C-9. In addition, the oxygen-bearing CH 2 signal (δ 4.36) had the long-rang couplings with C-8 (δ 133.1), C-9 (δ 141.6) and C-7 (δ 30.4), indicating a hydroxymethyl group at C-8. On the basis of above analysis, compound 5 was identified as 3α,17,19trihydroxy-8,13-ent-labdadien-16, 15-olide.
Compound 6 was white powder whose HR-ESI-MS gave a quasi-molecular ion [M+Na] + at m/z 371.1836, suggesting the molecular formula of C 20 H 28 O 5 . Compared with 1, the additional ketone (δ 215.1) and oxygenated carbon (δ 79.2) signals were observed. The HMQC spectrum indicated that the new oxygen-bearing carbon (δ 79.2) was tertiary. In the HMBC spectrum, the carbon signal at δ 79.2 correlated with H-11 (δ 2.23), H-12 (δ 2.83), H-5 (δ 3.03) and Me-20 (δ 1.23), which suggested that 6 had a 9-hydroxyl group. In addition, the carbon signal at δ 215.1 had HMBC correlations to H-1, H-2 and H-19, suggesting a carbonyl group located at C-3. The NOE enhancement between H-11 (δ 2.04) with H-20 (δ 1.23) indicated that the 9-OH was β. On the basis of above analysis, compound 6 was identified as 3-oxo-9β-hydroxy-deoxyandrographolide. The 1 H and 13 C NMR spectral data were unambiguously assigned by 2D NMR spectra.
The hydroxylation and dehydrogenation of 1 by A. alternata AS 3.4578 gave five derivatives 2-6 of which 4-6 are new compounds. Hydroxylation at the α-position of a double bond such as C-9 and C-17, was a major reaction. Previous investigation indicated that hydroxylation at C-9 enhances cytotoxic activity against cancer cell lines [9] . 243B polarimeter. UV spectra were recorded on a YV-1091 UV-Vis spectrophotometer. IR spectra were obtained on an Avatar 360 FT-TR spectrophotometer. Silica gel (200-300 mesh) was purchased from Qingdao Marine Chemical Group, Qingdao, China. All solvents including ethyl acetate, acetone and petroleum ether (60-90ºC) are A.R. grade and were obtained from Beijing Chemical Reagents Company. Deoxyandrographolide (1) was isolated from Andrographis paniculata [16] . The purity was above 98% as determined by HPLC. Culture medium: All culture and biotransformation experiments using filamentous fungi were performed in potato medium, made with the following procedures: 200 g of peeled potatoes were boiled in 1L water for one hour, the solution filtered and the filtrate diluted with water to 1L after addition of 20 g glucose. The culture medium was autoclaved at 121ºC and 1.06 kg/cm 2 for 25 min [17] .
Microorganism

Culture and biotransformation:
Preparative scale biotransformation of deoxyandrogapholide by Alternaria alternata AS 3.4578 were carried out in 1000 mL Erlenmeyer flasks on rotary shakers operating at 180 rpm at 28ºC. After 36 h of pre-culture, the substrate (20 mg) in 1 mL acetone was added to 350 mL medium. In total, 350 mg of substrate were used. The incubation was continued under the above conditions for five additional days. The culture was filtered and the filtrate extracted with 5 x 1500 mL EtOAc. The organic phase was collected and concentrated to dryness in vacuo.
The yellow extract (1.1 g) was chromatographed on a silica gel column eluted with petroleum ether-acetone (in a gradient manner from 100:3 (v/v) to 1:1, at a flow rate of 1.5 mL/min). Fractions were monitored by HPLC-DAD and compounds 2 (5 mg, 1.4% yield), 3 (15 mg, 4.2% yield), 4 (10 mg, 2.8% yield), 5 (7 mg, 2% yield) and 6 (5 mg, 1.4% yield) isolated by preparative HPLC. 
